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METHOD AND APPARATUS FOR RULE-BASED RANDOM IRRITATOR FOR 

MODEL STIMULUS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The invention relates generally to logic testing using a computer program and, more 

particularly, to rule-based random irritation of a software model of a logic unit under test (UUT). 

Description of the Related Art 
' : % During the design phase of complex logic circuitry such as a microprocessor, such 

fl circuitry is broken down into individual units, which must be designed to a specification. Logic 
m designers create these units in a programming language called Hardware Description Language 
S (HDL) such as VHDL, or VHSIC (Very High Speed Integrated Circuit) HDL, based on the 
D specification given to them. But errors might be introduced in the design, causing the unit not to 
M conform to the specification. These errors, or bugs, can cause problems in the unit itself, or 
!p propagate errors to other units, causing the processor to be unstable or unusable. The types of 
VI errors introduced could be logical errors (e.g., 1+1=3) or errors based on misinterpretation of the 
y* specification. 

To find these errors, a process of verification is used. Verification is a separate part of the 
design phase where the units created by the logic designers are tested. A verification engineer's 
20 job is to stress the unit to expose situations where the unit does not adhere to its specification. 

The actual mechanics of testing logic units can vary. One method is to build a software 
model of the unit. The model is usually built to conform to a simulator. Typically, such a 
simulator loads the model and has the capability to stimulate and read any net, such as an internal 
signal, group of several signals, or input/output pin of the unit, within the model. The type of 
25 simulator can be event-driven (the model changes state when a signal changes state) or cycle- 
based (each connection of the model is evaluated every clock cycle of the simulation). 
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Once the simulator loads the software model, the model must be stimulated. To 
accomplish this, a software environment can be used to direct the simulator. The software 
environment reads a testcase. A testcase is a list of commands to initialize the software test 
environment, commands for the model, and result information. 

During a software model simulation, the software model is loaded into the simulator, and 
the software environment loads the testcase. The software environment begins parsing the 
testcase, and when it comes upon a command to be issued to the software model, it sends 
commands to the simulator to apply stimulus to the model's inputs or to get values from the 
model's outputs. The software environment then acts on any information it received from the 
model's outputs to check the state of the software model. This process repeats for every 
command in the testcase. 

When the end of the testcase comes, the software environment usually checks the state of 
registers, output signals, and/or RAM contents of the model to the expected states of these items 
provided in the testcase to verify the model ran the testcase correctly. If the state of the software 
model does not match the expected state given in the testcase, the software environment flags the 
error. 

In order for the software environment to interact with the simulator, an irritator must be 
created inside the software environment. This irritator must act like the logic unit that feeds the 
logic unit under test (UUT). Normally, there would be another unit (or units) driving these 
inputs. Since the unit driving the UUT is not in the model, the software environment must 
mimic its duties and drive the UUT's inputs. 

The input pins of a UUT have a protocol (dictated by the specification) by that any 
stimulus to them must follow. For example, a UUT has 10 input pins designated as an operand 
field, 5 input pins for an instruction field, and 30 input pins as a control field, for a total of 55 
input pins. The specification says each of these 3 fields has its own rules by which they can be 
stimulated. In this example, the specification for the UUT indicates that the instruction field has 
10 valid values. However, the instruction field of the UUT has 5 pins which translates into 32 
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different possible values. Since only 10 of the 32 are valid, the verification engineer must ensure 
this rule is complied with during simulation. Therefore, the irritator for this UUT must ensure 
that only the 10 valid values of the instruction field are asserted to the 5 instruction field pins of 
the UUT. 

The irritator within the software environment must abide by the specification of the UUT 
when driving its inputs. If a flaw exists within the irritator, the flaw is inherently passed on to the 
UUT. 

Since the irritator for the UUT must be created by a person, it is open to human errors, 
just like the logic UUT it is trying to test. 

Another problem with the aforementioned method of testing the UUT is that it may take 
quite a long time to develop an irritator. For most modern microprocessors, the units which 
make them up are complex, with very exacting specifications. The irritators needed to drive 
these units can be equally complex. Hence, time spent in developing the irritator is time lost on 
simulation of the UUT. 

Therefore, there is a need for an irritator or an equivalent thereof that is less prone to 
human errors and takes less time to generate than a conventional irritator. 
SUMMARY OF THE INVENTION 

According to one embodiment of the present invention, a computer program product is 
provided for rule-based random irritation of a UUT model in a simulation of a UUT. The UUT 
model is a software model of the UUT, and the computer program product has a medium with a 
computer program embodied thereon. The computer program comprises an extractor program code 
for extracting one or more inputs and one or more outputs of the UUT. The computer program also 
comprises a pattern generator program code for generating data patterns to be applied to the UUT 
model in accordance with a rules list and information on the one or more inputs and the one or more 
outputs of the UUT. The rules list provides informationon how the data patterns are to be applied to 
the UUT model. The computer program further comprises a simulator program code for applying 
the data patterns to the UUT model, and a software environment program code for interfacing 
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communications between the extractor program code, the pattern generator program code, and the 
simulator program code. 

In another embodiment of the present invention, a method is provided for rule-based random 
irritation of a UUT model in a simulation of a UUT. As mentioned above, the UUT model is a 
5 software model of the UUT. The simulation has one or more events. The method comprises the step 
of generating a rules list. The rules list provides information on how the data patterns are to be 
applied to the UUT model. The method further comprises the step of generating a data pattern, for 
an even of the simulation, in accordance with the rules list and information on one or more inputs 
and one or more outputs of the UUT. Additionally, the method comprises the steps of performing 

# each even by applying the respective data pattern to the UUT model, and determining whether all 

;fl events of the simulation are performed. 

"p In still another embodiment of the present invention, an apparatus is provided for rule-based 

y 1 random irritation of a UUT model in a simulation of a UUT. As mentioned above, the UUT model 
s is a software model of the UUT. The simulation has one or more events. The apparatus comprises 
=1=5 means for generating a rules list. The rules list provides information on how the data patterns are to 
be applied to the UUT model. The apparatus further comprises means for generating a data pattern, 
O for an event of the simulation, in accordance with the rules list and information on one or more 
inputs and one or more outputs of the UUT. Additionally, the apparatus comprises means for 
performing each event by applying the respective data pattern to the UUT model, and means for 
20 determining whether all events of the simulation are performed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and the advantages thereof, 
reference is now made to the following descriptions taken in conjunction with the accompanying 
drawings, in which: 

FIGURE 1 depicts a block diagram showing a complex logic block; 

FIGURE 2 depicts a block diagram showing a real logic block and a prior art software model 
corresponding thereto; 

FIGURE 3 depicts a block diagram showing a prior art setup for a software environment to 
interact with a simulator; 

FIGURE 4 depicts a block diagram showing a first embodiment of the present invention; 
FIGURE 5 depicts a block diagram showing a second embodiment of the present invention; 

and 

FIGURE 6 depicts a flow diagram showing the process of rule-based random irritation of a 
UUT model. 

DETAILED DESCRIPTION 

The principles of the present invention and their advantages are best understood by 
referring to the illustrated operations of embodiment depicted in FIGURES 1-6. 

In FIGURE 1, a reference numeral 100 designates a complex logic block, such as a 
microprocessor, having a plurality of logic units in accordance with one embodiment of the 
present invention. A logic unit 102 is connected to a logic unit 104 for receiving signals from the 
unit 102. Similarly, the logic unit 102 is connected to a logic unit 106 for receiving signals from 
the logic unit 106. Likewise, the logic units 104 and 106 are connected to a unit 108 for 
receiving signals from the unit 1 08. The complex logic block 1 00 may have more or fewer units 
than illustrated. 

Now referring to FIGURE 2, a real logic 200 is compared to a software representation 
202 corresponding to the real logic 200. The real logic 200 contains two logic units 204 and 206. 
The logic unit 206 is connected to the logic unit 204 for receiving signals from the logic unit 
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204. In this example, the logic unit 206 is a logic unit under test (UUT), whereas the logic unit 
204 is a logic unit feeding inputs to the logic unit 206. This relationship between the logic units 
204 and 206 is found in the logic units 102 and 104, for example, of FIGURE 1. The software 
representation 202 contains an irritator 208 feeding inputs to a UUT model 210. The UUT 
5 model 210 is a software model of the UUT 206. A software model is a software file that 

represents all the functionality of a logic unit, from which the software model was created, and is 
generally created for a simulator. Typically, a computer program such as a compiler reads 
hardware description language (HDL) files and converts them into computer files (i.e., software 
rj models) which the simulator can interact with. The irritator 208 acts like the logic unit 204 that 
to feeds the logic unit 206. Normally, there would be another unit (or units), such as the unit 204, 
y3 driving these inputs. Since the unit 204 driving the logic unit 206 is not included in the UUT 
x: model 210, a software environment (not shown) must mimic its duties and drive the inputs of the 
S UUT model 210. 

= In FIGURE 3, a prior art software environment 300 is shown to interact with a simulator 

l±5 302. The software environment 300 has a testcase 304. A unit irritator 306 is also included in 
;Z the software environment 300 and connected to the testcase 304 for receiving therefrom 
D information on testcases. The testcase 304 preferably comprises a list of commands, and 

contains information to initialize the software environment 300, commands for the model, and 

result information. 

20 The unit irritator 306 is preferably program code and is conventionally created by a 

design engineer. The unit irritator 306 is generally incorporated into the software environment 
300 in order for the software environment 300 to interact with the simulator 302. 

Now referring to FIGURE 4, a block diagram 400 depicts one embodiment of rule-based 
random irritation of a UUT model. Specifically, the block diagram 400 shows signal and data 

25 flows for rule-based random irritation of a UUT model, where a pattern generator is not 

incorporated in a simulator. In the block diagram 400, a pattern generator 402 is connected to a 
rules list 404 for receiving information on how to generate data patterns that are to be applied to 
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a UUT model 406. A simulator 408 is connected to the pattern generator 402 for receiving data 
patterns generated by the pattern generator 402. A software environment 410 is shown to 
encompass the pattern generator 402, the rules list 404, the simulator 408, and an extractor 412. 
A UUT model 406 is a software model of a UUT (not shown in FIGURE 4) such as the units 
5 1 02, 1 04, 1 06, and 1 08 of FIGURE 1 , and the unit 206 of FIGURE 2. The extractor 4 1 2 is a 
computer program connected to the pattern generator 402 for receiving instructions therefrom to 
extract the inputs and/or outputs of the UUT represented by the UUT model 406. 

Preferably, a software environment 410 is an environment which reads, writes, and 
interprets files for stimulating inputs and/or reading outputs of a UUT represented by the UUT 
ft model 406. Additionally, the software environment 410 contains other software objects that run 
yg independently of the UUT model 406 and uses information from the UUT model 406 to judge 
p the state of the UUT model 406. Preferably, the software environment 410 contains a translator 
y (not shown) needed to send data patterns generated by the pattern generator 402 to the simulator 
= 408 in a language that the simulator understands. 

[L5 In a preferred embodiment of the invention, the software environment 410 will be given 

^ directory paths such as a path to the UUT model 406, a path to the extractor 412, path(s) to 
p hardware description language files (not shown) from which the UUT model 406 is derived, a 
path to the pattern generator 402, and a path to the simulator 408. When the simulator 408 is 
initiated, the software environment 410 will call the extractor 412 used for extracting the inputs 
20 and/or outputs of a UUT represented by the UUT model 406. When the software environment 
410 calls the extractor 412, the software environment 410 will pass to the extractor 412 the path 
to the hardware description language files, or similar files that describe the logic of the UUT 
model 406. The extractor 412 will extract the inputs and/or outputs of a UUT represented by the 
UUT model 406 from such hardware description language files, and create an I/O file (not 
25 shown). The I/O file lists the inputs, followed by a separator, and then list the outputs. This 
order can be changed, however, without departing from the spirit of the present invention. The 
I/O file will be input to the pattern generator 402 and the simulator 408. 
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When the software environment 410 acknowledges the completion of creating the I/O file, 
the software environment 410 will start the simulation of the UUT model 406. Preferably, the 
pattern generator 402 will be prompted by the simulation environment 410 to create a seed (not 
shown) which it will use when generating random data patterns. The seed will be saved in an output 
5 file (not shown) of the simulator and/or the simulation environment, for the purpose of recreating the 
data patterns used in the current simulation. Optionally, the output file may also be accessed by the 
pattern generator 402. The pattern generator 402 will access the I/O file, and the UUT's inputs 
and/or outputs will be obtained, 
p The rules list 404 will also be loaded into the pattern generator 402. The rules list 404 

/ft provides restrictions or encouragements on how data patterns generated by the pattern generator 402 

0 are to be applied to the UUT model 406. For example, a UUT represented by the UUT model 406 
x: has 10 input pins designated as an operand field, 5 input pins for an instruction field, and 30 input 
S pins as a control field, for a total of 55 input pins. Since there are 5 input pins for the instruction 
B field, 32 possible values of 5 data values can be created. If the specification says only 1 0 of these 32 
|*5 possible values may be applied to the UUT, however, the rules list 404 will contain this information. 

1 n The syntax of this information can take any form interpretable by the pattern generator 402. Hence, 
H the specification from which the UUT was designed will be translated into the syntax of the rules list 

404, and contained within the rules list 404. 

The rules list 404 contains individual entries that list inputs or groups of inputs, and the 

20 restriction or encouragement for these inputs. Each individual entry within the rules list 404 is called 
a rule. The basic duty of the rules list 404 is to ensure that the specification of the UUT with respect 
to its inputs is upheld, and that the pattern generator 402 does not generate data patterns violating the 
specification. To accomplish this, one or more rules are specified. The rules list 404 can be created 
by hand or by a separate computer program. The rules list 404 is not required to contain any specific 

25 rules. The rules list 404 may even be devoid of any rules, in which case the specification of the UUT 
inputs has no specific limitation in applying the inputs. In addition, the rules list 404 may also 
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contain the information needed to inform the software environment 4 1 0 or the simulator 408 to end 
the simulation. 

Since the rules list 404 is used to control how the pattern generator 402 generates input data 
patterns, any net of the UUT model 406 can be constrained to specific patterns, values, or 
encouragements. An encouragement specifies a weight for a desired data pattern to be applied to a 
net within the UUT model 406. For example, if a group of four signals may have only one signal be 
a logical 1 , whereas the others must be a logical 0, the rules list 404 has a rule to randomly make one 
of these four inputs a logical 1 . Alternatively, the rule could specify a signal to be a logical 1 and 
specify the remaining three signals to be a logical 0. Still another way of meeting the condition is 
that the rule encourages the first signal to be a logical 1 80% of the time and the last signal to be a 
logical 1 20% of the time. 

The rules list 404 also has the capability of specifying data patterns based on past events. For 
example, a rule of this type would be to restrict a signal from being a logical 1 only after it or some 
other signals(s) was a logical 1 two time intervals in the past. The rules list 404 is written in syntax 
that the pattern generator 402 can parse. The specifics of the syntax are not restricted in any way 
except that the names for the I/O signals listed in the rules list should be the same names as those 
listed in the hardware description language files. This will help ensure consistency throughout the 
simulation environment. 

For each event of the simulation, the software environment 410 will prompt the pattern 
generator 402 to generate a data pattern. Then, the pattern generator 402 will parse the rules list 404. 
For each rule (not shown) listed in the rules list 404, net names affected by the rule will be assigned 
a value dictated by the rule. A net (not shown) is a junction of one or more signal connections 
existing in the UUT model 406, and may be a signal I/O, a single signal within the internals of the 
UUT model 406, or a connection of several signals contained in the UUT model 406. For the 
remaining nets not associated with a rule, random values will be created. The software environment 
410 interprets, and passes to the simulator 408 the data pattern and corresponding input signals of a 
UUT represented by the UUT model 406. The simulator 408 will apply this data pattern to the 



AUS920010804US1 



Patent Application 



corresponding signals of the UUT. This process will continue for each event of the simulation. 
Since the pattern generator 402 already has the inputs and/or outputs of the UUT as well as the rules 
list 404, loading those files may not be necessary. Only a data pattern need be generated and passed 
to the software environment 410. 
5 Any simulator output information can be recorded in the output file or other files not shown 

in FIGURE 4. Also, the data patterns generated by the pattern generator 402 may be input to the 
output file. Additionally, other program objects (not shown) may be created within the software 
environments 4 1 0. These program objects may include unit checkers, I/O interface control checkers, 
array obj ects, and so on. Their outputs may also be recorded in the output file or an additional output 
ij file (not shown). 

CO Now referring to FIGURE 5, a block diagram 500 depicts another embodiment of rule-based 

q random irritation of a UUT model. Specifically, the block diagram 500 shows signal and data flows 
~ for rule-based random irritation of a UUT model, where a pattern generator is incorporated in a 
H simulator. In the block diagram 500, a pattern generator 502 is connected to a rules list 504 for 
0 receiving information on how to generate data patterns that will be applied to a UUT model 506. A 
j±{ simulator 508 comprises the pattern generator 502 for generating data patterns. In one embodiment, 
all the functionality of the pattern generator 502 may be subsumed in the simulator 508 . For the sake 
of clarity, however, the pattern generator 502 is identified within the simulator 508. A UUT model 
506 is a software model of an actual UUT (not shown in FIGURE 5) such as the units 1 02, 1 04, 1 06, 
20 and 108 of FIGURE 1, and the unit 206 of FIGURE 2. An extractor 510 is a computer program 
connected to the simulator 510 for receiving instructions therefrom to extract the inputs and/or 
outputs of a UUT (not shown) represented by the UUT model 506. 

Preferably, the simulator 508 will be given directory paths such as a path to the UUT model 
506, a path to the extractor 5 1 0, and the path(s) to hardware description language files (not shown) 
25 from which the UUT model 506 is derived. The simulator 508 would provide an input by which a 
user will inform the simulator 508 that a testcase is to be used, and direct the simulator 508 to 
provide random irritation to the UUT model 506. The simulator 508 and/or the pattern generator 502 
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would be required to contain the necessary instructions to carry out the automated sequence by which 
random irritation will occur. In a preferred mode of operation, when the simulator 508 is initiated, 
the simulator 508 calls the extractor 510 used for extracting the inputs and/or outputs of a UUT 
represented by the UUT model 506. When the simulator 508 calls the extractor 5 1 0, the simulator 
508 will pass to the extractor 5 1 0 the path to hardware description language files or similar files that 
describe the logic of the UUT model 506. The extractor 510 extracts the inputs and/or outputs of a 
UUT represented by the UUT model 506 from such hardware description files or similar files, and 
creates an I/O file (not shown). The I/O file lists the inputs, followed by a separator, and then list the 
outputs. This order can be changed, however, without departing from the spirit of the present 
invention. The I/O file will be input to the pattern generator 502 and/or the simulator 508. It is 
noted herein that no software environment such as the software environment 410 of FIGURE 4 is 
necessary when the pattern generator 502 is subsumed in the simulator 508 as shown in FIGURE 5. 

When the pattern generator 502 and/or simulator 508 acknowledges the completion of 
creating the I/O file, the simulator 508 will start the simulation of the UUT model 506. The pattern 
generator 502 accesses the I/O file, obtaining the UUT's inputs and outputs. The pattern generator 
502 also loads the rules list 504. Preferably, the pattern generator 502 creates a seed (not shown), 
which it will use when generating random data patterns. The seed will be saved in an output file (not 
shown) of the simulator, for the purpose of recreating the data patterns used in the current 
simulation. Optionally, the output file may also be accessed by the pattern generator 502. The 
aforementioned features of the rules list 404 is also applicable to the rules list 504. 

For each event of the simulation, the simulator 508 will prompt the pattern generator 502 to 
generate a data pattern. Then, the pattern generator 502 will parse the rules list 504. For each rule 
(not shown) listed in the rules list 504, net names affected by the rule will be assigned a value 
dictated by the rule. For the remaining nets not associated with a rule, random values will be created. 
The pattern generator 502 will pass to the simulator 508 this data pattern and corresponding input 
signals of a UUT represented by the UUT model 506. 
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Preferably, the pattern generator 502 will translate the data pattern and corresponding input 
signals into the language of the simulator 508, so that the simulator 508 does not have to interpret 
any of these commands itself. Once the simulator 508 receives the data pattern, it will apply the data 
pattern to the corresponding signals of the UUT. The simulator 508 will inform the pattern generator 
502 when the simulator 508 requests another data pattern, and the process of data pattern generation 
will repeat. Since the pattern generator 502 already has the inputs and/or outputs of the UUT as well 
as the rules list 504, loading those files may not be necessary. Only a data pattern need be generated 
and passed to the simulator 508 . Any simulator output information can be recorded in the output file 
or other files not shown in FIGURE 5. Also, the data patterns generated by the pattern generator 502 
may be input to the output file. 

In FIGURE 6, a flow diagram 600 is shown to describe the functional flow of rule-based 
random irritation of a UUT model, such as the UUT models 406 and 506. At step 602, the process 
of rule-based random irritation starts. At step 604, a rules list such as the rules list 404 and 504 is 
generated. The rules list may be generated either manually or by a computer program specifically 
designed for the task. As mentioned above, the rules list provides restrictions or encouragements on 
how data patterns are to be applied to a UUT model. At step 606, an I/O file is generated. The I/O 
file contains a list of inputs and outputs of a UUT. Preferably, the inputs and outputs are specified in 
hardware description language files. 

Steps 608,610 and 612 constitute a loop for each event of a simulation. These steps will be 
performed once for each event of a simulation, and will be repeated for subsequent events, until there 
are no events left. An event is usually a cycle (from time base unit x to time base unit x+1) or can 
constitute a time duration, or any other way of keeping track of discrete simulation occurrences. An 
event may also be defined as the UUT input/output signals matching that of a pre-determined state. 
The rules list may or may not specify the number or type of event(s). At step 608, a pattern 
generator, such as the pattern generators 402 and 502, generates a data pattern in accordance with the 
rules provided by the rules list generated at step 604. A data pattern is generated for every input 
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listed in the I/O file generated at step 606. Preferably, the data pattern generated at step 608 is 
provided to a simulator, such as the simulators 408 and 508. 

At step 610, a simulator, such as the simulators 408 and 508, applies the data pattern to 
corresponding nets of the UUT model. At step 612, it is determined whether all events of the 
simulation are performed. Preferably, a stop command will be issued to the simulator if all events 
are performed. In any case, if there are no more events to be performed, the process ends at step 614. 
Otherwise, another event will be performed at step 608, wherein the same process comprising steps 
608, 610, and 612 repeats until all events are exhausted. 

It will be understood from the foregoing description that various modifications and changes 
may be made in the preferred embodiment of the present invention without departing from its true 
spirit. This description is intended for purposes of illustration only and should not be construed in a 
limiting sense. The scope of this invention should be limited only by the language of the following 
claims. 



13 



